The studies of Heckly et al. (1958) are the most complete amoing the references in the literature describinig the maintenance of Pasteurella pestis inl the lyophilized or frozen state. However, little has been reported coiicerning factors affecting survival of this organism in li(uid suspensions stored at refrigeration temperature (5 C). The investigations reported here show that, although suspensions of P. pestis containing over 1010 cells per ml can be stored in the frozen state for lonig periods of time with little loss of viability or virulence, survival at temperatures above the freezing point was critically affected by certain environmental conditions. This paper deals mainly with the identification and control of conditions which inifluence the retention of viability and virulence of P. pestis at 5 C. Growth medium. Cultures for experimentation were growin in the de-acidified caseiin partial hydrolyzate (DCPH) medium described by Higuchi and Carlin (1957) , modified by the inclusion of 0.5 per cent corn starch. Inocula were prepared by suspending the 24 hr growth from a blood agar base slaint in 25 ml of DCPH medium contained in a 500-ml Erlenmeyer flask, and incubating for 16 hr at 26 C oIn a reciprocating shaker. Fresh medium (usually 100 ml in a 2-L flask) was inoculated by addition of 5 per cent (v,/v) Sampling and couinting. To miinimize errors arising from clumpinig, all samples were dispersed by drawing the suspension through a 25-gauge needle into a syrinige.
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This procedure gave more consistent and higher counts than by sampling with a pipette. Dilutions were made in M/15 potassium phosphate buffer, pH 7.4, and plated by the conventional pour-plate method using blood agar base prepared as described above. Visible colonies were enumerated after 48 hr incubation at 26 C. Occasionally, old stored cultures formed large clumps or mucoid suspensions, which could not be dispersed for enumeration.
Frozen cells, held at -23 C, were prepared for sampling by thawing in a water bath at 50 C.
Experiments were usually designed so that each of a number of replicate bottles was sampled only once to avoid disturbance of prevailing storage conditions. Virulence assay. Virulence was determined by intraperitoneal challenge of Swiss-Webster mice. The Namru substrain (Garber and Hauth, 1950) (Sokhey and Habbu, 1943) , and a moderate amount of growth apparently occurred in the resuspended system. The observed stabilization of cells stored at concentrations of 1.35 X 1010 per ml but not at 2.69 X 1010 also was noted in numerous other experiments at concentrations ranging from 1 to 3 X 1010. This may be a reflection of aeration efficiency.
The loss in viability during storage was accompanied by a decline in pH, but it was not apparent whether these effects were interrelated. The essentially anaerobic metabolism may have resulted in accumulation of acidic compounds in toxic quantities. In an attempt to control the pH further, varying concentrations of phosphate buffer up to 0.1 to 0.2 M were tested and found to improve survival (table 2) . Further experiments have shown that, in general, 0.1 M phosphate was optimal. Higher concentrations of buffer were usually deleterious. Other buffer systems were surveyed; of these only Tris (tris(hydroxymethyl)aminomethane) approached phosphate in giving satisfactory recoveries. Tris (pH 7.4, M/10) combined with 3 per cent lactose produced significantly higher survivals up to 4 weeks, but later recoveries were only equal to, or less than, those obtained with lactose-phosphate.
Evidence of the marked effect of the physiological state of the cell on survival during storage was provided by the following data. The medium in which the organisms were grown affected their survival at 5 C (table  3) . Cells grown in DCPH or N-Z-Amine, Type A2, retained relatively good viability even after 20 weeks. Cells cultured in Difco brain heart infusion or Difco heart infusion broth did not survive as well, whereas those grown in the chemically defined medium (Higuchi and Carlin, 1958) Chemically defined mediumt 210 37 4 4 4 -* All media contained 0.5 per cent starch; all except brain heart infusion broth contained 1 per cent xylose added at 0 hr. Brain heart infusion and heart infusion broths were supplemented with 0.06 per cent MgSO4. Composition of N-Z-Amine broth was 3.07 per cent N-Z-Amine plus 26 C DCPH salts (Higuchi and Carlin, 1957) . All cultures were grown at 26 C. Cells grown in the chemically defined medium were harvested at 24 hr; other cultures were harvested at 30 hr. Cells were harvested by centrifugation and resuspended in 3 per cent lactose-0.1 M phosphate buffer, pH 7.4. Volume of suspension, 10 ml.
t Higuchi and Carlin, 1958 . nisms operating during storage in the presence of starch were similar to those which served to maintain high counts during extended periods of growth. When dextrin was provided in a growth medium high levels of viability were maintained also; however, cells stored in the presence of dextrin at 5 C died rapidly. This was probably due to the rapid release of metabolizable carbohydrate, with a consequent accumulation of acidic products, as shown by a rapid drop in pH.
Virulence at 5 C. There was a reduction in virulence of stored cells under conditions which provided maintenance of approximately 50 per cent viability for 12 weeks. Representative virulence data, which were obtained by intraperitoneal titration in white mice, are shown in table 6. Loss of virulence was negligible at 4 weeks, but between 4 and 8 weeks a shift toward (1952) presented data from experiments in which several species were held under varying conditions at 8 C. Neither report considered basic factors responsible for the results obtained.
The ability of P. pestis to grow and metabolize rather actively at 5 C likely plays an important role in the mechanisms underlying the loss of viability and virulence at that temperature. The organism is known to have a high rate of endogenous respiration (Santer and Aji, 1954) , indicating high levels of metabolizable pools of substrate. Under the conditions employed in the present work, a predominantly anaerobic metabolism takes place resulting in the accumulation of high levels of incompletely oxidized compounds. Toxic concentrations may be reached which influence the death of the organism. The higher survival values resulting with increased buffer concentrations may be a reflection of the neutralization of acidic components by the buffer system. The possibility that this beneficial effect of increased buffer concentrations was due to higher ionic strength has not been investigated. Rapid anaerobic metabolism under conditions of high concentrations of cells may explain the observed rapid loss in viability. The ability of oxygen to prolong survival, reflected in the surface volume studies, probably results from a shift to a more aerobic metabolism.
The observation that the more highly aerated cultures survive better than those maintained under less aerobic conditions seems to be in contrast to results obtained with many other organisms. Rahn (1945) stated that most bacteria cease to grow at 5 to 10 C, then die slowly. Death is due to a change of some essential cell constituent by oxidation, which is prevented or repaired above the minimum temperature. It was shown that Streptococcus lactis survived better under nitrogen than under air. Although oxygen benefits viability of P. pestis, it has not been proved that it also aids maintenance of virulence.
The effect of altering the amount of xylose, and the time that it is provided during growth, upon the survival capability of P. pestis is of considerable interest. The presence of excess xylose at the time of harvest may tend to poise the physiological condition of the cells at a particular level, through increasing the proportion of young cells in the culture, by controlling the internal pH of the cell, or by producing cells containing considerable amounts of readily metabolizable material. It seems unlikely that carry-over of xylose externally is important since cells behave essentially the same after washing.
The fact that physiologically young cells failed to survive well is not unexpected. Sherman and Naylor (1942) 
